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INTRODUCTION 


The USAF T-33A is a flight trainer aircraft powered by one J33-A-35 turbojet engine. The aircraft was 
manufactured by the Lockheed Aircraft Corporation and the engines by Allison, a Division of General 
Motors Corporation. 


This volume provides measured and extrapolated data defining bioacoustic environments produced by 
this aircraft during ground runup operations. Such data are essential to evaluate ear protection 
requirements, limiting personnel exposure times, voice communication capabilities, and annoyance 
problems associated with ground runups of the T-33A aircraft. 


This volume is one of a series published by the AMRL under the same report number (AMRL-TR-75-50) 
as a multi-volume handbook that quantifies the noise environments produced at flight/ground crew 
locations and in surrounding communities by operations of Air Force aircraft and ground support 
equipment. The far-field, community-type, noise data in the handbouk describe the noise produced 
during ground operations of aircraft, ground support equipment, and other ground-based equipment or 
facilities. 


Volume 1 of this handbook discusses the objectives and design of the handbook, the types of data 
presented, measurement procedures, instrumentation, data processing, definitions of quantities, sym- 
bols, equations, applications, limitations, etc. Volume 2 provides a method and data for adjusting the 
handbook’s far-field noise data, which are for standard meteorological conditions (15 C temperature, 
70% rel humidity, 0.760 meters Hg barometric pressure), to derive comparable data for other 
meteorological conditions. Refer to Volumes 1 and 2 (references 1 and 2) for such information because it 
is not repeated in other handbook volumes. 


A cumulative index lists those aerospace systems contained in the handbook, and identifies the specific 
volumes containing each type of environmental noise data available (i.e., inflight/flight crew and 
passenger noise, near-field/ground crew noise, far-field/community noise). Volume numbers are as- 
signed sequentially as individual voumes are published. This index is periodically updated as individual 
volumes are published and is available upon request from AMRL/BBE, Wright-Patterson AFB, OH 


45433. Organizations on the distribution list for the handbook will automatically receive a copy of each 
updated index. 


Direct any questions concerning the technical data in this report and other handbook volumes to: 
AMRL/BBE, Wright-Patterson AFB, OH 45433; AUTOVON 78-53675 or 78-53664; Commercial (513) 
255-3675 or (513) 255-3664. 


1. Cole, John N., USAF Bioenvironmental Noise Data Handbook, Volume 1: Organization, Content and Application, 
AMRL-TR-75-50 (1) Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio, 1975. 


2. Cole, John N., USAF Bioenvironmental Noise Data Handbook, Volume 2: Procedure to Evaluate Effects of 
Non-standard Meteorological Conditions on Far-Field Noise, AMRL-TR-75-50 (2), Aerospace Medical Research 
Laboratory, Wright-Patterson Air Force Base, Ohio, 1975. 


NEAR-FIELD NOISE 


MEASUREMENTS 

AMRL acquired near-field noise data on the T-33A aircraft during ground runup operations of its 
turbojet engine. For these tests the aircraft was located on the “Hot Cargo” pad, Eglin AFB, FL, with no 
significant reflecting surfaces in the vicinity except the ground plane. Table 1 gives the surface 
meteorological conditions and the four engines and ground support equipment power conditions. The 
ground-crew chief selected power conditions and near-field locations generally used during routine 
maintenance or engine runup for preflight checks. 


At each cear-field location a test engineer randomly moved a hand-held microphone in and around each 
location, probing all areas where a crew member's head would normally be located. He reocrded all the 
noise samples on magnetic tape. During analysis of each sample he determined the one-third octave 
band root-mean-square sound pressure using a 4- or 8-second integration time to derive a power- 
averaged level for each location. Figure 1 shoes the four near-field locations where ground crew are 
usually located for maintenance and/or preflight checkout operations. Estimates of noise levels at other 
locations are difficult in the near-field since the noise source is spatially distributed, i.e., not a point 
source. The noise levels at near-field locations can vary widely depending upon relative distances from 
each noise source (intake noise, exhaust noise, panel resonances, internal engine noise through the 
engine wall, etc.). 


Table 1 lists the numeric/alphabetic designators used on the data pages in this report to identify the 
measurement ations and test conditions. For example, the designator 1/A means ground crew 
location 1 and test condition A. 


RESULTS 

The measured data presented in Table 2 define the sound pressure levels (SPL) produced by the T-33A 
aircraft at the four ground crew locations. This table includes the overall, 1/3 octave band, and octave 
band levels. From these data one can calculate the variety of measures given in Table 3, which are 
widely used to assess the effects of noise on personnel and their performance. 


All near-field data are for the meteorological conditions at the time otf teat but are valid for all typical 
airbase meteorology because of the short sound propagation distances involved. 


~—: 


TABLE 1 


MEASUREMENT LOCATIONS AND TEST CONDITIONS 
FOR NEAR-FIELD NOISE MEASUREMENTS 


T-33A Aircraft, Ground Runup, Eglin AFB 
Tail # 63655, 15 July 1971 


Ground Crew Location 
1 Operator MD-3M 
2 Wheel Chock Pull 
3 Marshall 
4 Crew Chief Observer 


Aireraft Engine (and Support Equipment) Operation 


A MD-3M Operating (unloaded) 
B Engine Start, MD-3M Operating (loaded) 
Cc Idle Power and MD-3M (unloaded) 
D Idle Power 
Meteorology 
Temperature 25.6 C 
Bar Pressure 0.758 M Hg 
Rel Humidity 85 % 
Wind — Speed 1 M/Sec (2 Kt) 
— Direction 270 Deg. 


of 
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Figure 1. Near-Field Measurement Locations on the 
Hot Cargo Pad at Eglin AFB FL 


FAR-FIELD NOISE 


MEASUREMENTS 

AMRL acquired the near and far-field data during a 1- 2-hour test period, thus keeping similar 
meteorological conditions. Figure 2 shows the aircraft on the “Hot Cargo” pad and its orientation 
relative to 19 microphone measurement sites on a semicircle. The center of the 75 meter radius 
semicircle used in surveying the J33-A-35 engine was on the ground directly below the intersection of 
the aircraft’s centerline and the plane passing through the engine’s exhaust plane. The ground runup 
pad did not have a blast deflector; therefore, the jet exhaust was in a “free-flow” condition. 


Table 4 provides cockpit readouts of engine speed in percent for each power setting used in the far-field 
tests. Also listed in this table are the surface meteorological conditions during data acquisition. 


All 19 microphone measurement sites are in the acoustic far-field of their respective source where the 
sound wave-fronts spherically diverge and the noise source may be regarded as a point source. 


A portable microphone/tape recorder system was used to sequentially record 5 to 10 seconds of noise at 
each far-field location. The micorphone was hand-held 1.7 meters (5-1/2 feet) above the ground and 
pointed at the source (0° angle of incidence). These samples were then time-integrated to derive a 
root-mean square sound pressure level. 


RESULTS 

Table 5 lists the overall and 1/3 octave band SPL measured at the far-field locations under meteorologi- 
cal conditions at the time of the test. Data in all other figures and tables are based on these levels. These 
data were normalized to 100 meters distance and standard meteorological conditons (15 C temperature, 
70% relative humdity, 0.760 meter Hg barometric pressure) and used to derive the graphic data in 
Figure 3 which provides a compact summary of the far-field noise characteristics of the T-33A aircraft in 
a standard format. 


Figure 4 and Table 6 present two basic acoustic measures, the acoustic power levels and the directivity 
index, respectively. The acoustic power level describes the power radiated by the source as a function of 
frequency. The directivity index is a standard acoustical engineering measure that describes the 
geometric way in which the source radiates this power as a function of both frequency and angle from 
source. These basic source measures are primarily of interest for acoustical engineers and noise 
generation/control specialists. 


Estimates of the noise characteristics for intermediate power settings (e.g., 80% RPM) can be deter- 
mined as explained in Volume 1 of this handbook. 


Figures 5 through 11 are sets of equal noise contours describing seven different measures of noise as a 
function of angle and distance from the source for standard day meteorology. They are respectively, 
overall sound pressure level, C-weighted sound level, A-weighted sound level, perceived noise level, 
speech interference level, permissible exposure times for personnel and octave band sound pressure 
levels. 


Data excessively influenced by spurious background/electronic noise were eliminated from all figures 
and tables. No data are presented beyond the 160 degree location for the idle power settings because of 
background/electronic noise. Typically, the A-weighted levels for these angles are from 5 to 10 dBA 
below the level at the 160 degree location. 


Test personnel performed noise surveys during quiet periods when the background noise was minimal, 
e.g., early in the morning when no other aircraft or engine test stands were operating. Data eliminated 
because they were near the background/electronic noise were generally not significant because the 
levels were so low. 


Volume 2 of the handbook describes the influence of meteorology on far-field noise environments, and 
provides, if required, the factors necessary to adjust the handbook’s standard meteorological day data. 


[__] GRASS AND SAND 
[__] ASPHALT 


Figure 2. Far-Field Measurement Locations on the 
Hot Cargo Pad at Eglin AFB, FL 


7 


*SSION DINOYL9313/0NNOUNNIVE ZAOWSY OL 0319348409 13A37 


£0t 


22 
SZ 
62 
28 
98 
98 
ee 
se 
9 
$6 
98 
£¢e 
998 
#9 
28 
98 
6&6 
T6 
06 
29 
£6 
26 
99 
99 
"6 
06 
£e 


a72 


(pew e won cn ewww ewww ewe coe e nnn nn co ww nn cow n coe 2 oon coe wen on een enn eone$ cone nn one ee) 


( att 20t 
c 

( £6 96 
( #6 26 
c 96 246 
c 96 oot 
( s6 46 
( $6 s6 
( 90T tot 
¢ oot $6 
( £6 06 
( 26 6a 
ri #6 69 
( t6 28 
c 69 98 
¢ 06 eg 
( 68 998 
( 9e se 
¢ té6 9¢e 
( t6 29 
¢ $6 06 
( 46 t6 
( 96 £6 
( t6 se 
‘ 06 £9 
d ee 2e 
4 29 2g 
( s@ 08 
( te ZZ 
( 

( 

( Qs ast 
‘ 

& NOILIONOD/NOILY9IO1 
( 

¢ t4 39Vd ( ( 

¢ ( ( 

( #2 330 90 ¢ ( 

€ tf ( 

( to U6NNS CC ( 

( QOT-6T0-F2 IS3L 

( 2° wvO3NO ¢ 

( ( 

( sNOISVOISIANZOI ( 

( 


2IT oSTT «6 90T TWwu3a0 
) 

99 «st. og poor > 
te 08 o2 Ty) nr) 
of s9 42 o0r9—ts«é) 
ci Ss ae 000s) Sst() 
ze beté«D 000% » 
rs ry) osts >» 
so OtéCOCS o0sz) 
98 «6 t6—t«SV 0002 
ss 686 009tT =) 
ee 0Ot6tCO oszt » 
2 4086 —t ooot =D 
a Se OSE TT} ) 
“ <6 6 os9 > 
$ 996 06 00s ) 
6 S66 6 00% ) 
s 96 6 ste ) 
$0} 90% 20T 0sz ) 
SO} SOT o8T o0z ) 
80T 90T OT 09T ) 
20 90T oof Szt ) 
66 20t 96 oet ) 
20s rT) ) 
a % £9 ) 
66 16 £6 0s ) 
ToT 08 Te 0% > 
% 22 s*ts > 
se 69—ts«LZ $2 ) 
) 

(7H) ) 

ost ast ost 03u4 > 
) 

) 

) 

)  $73A37 3SION 01314 Bv3N 

) W3U9 ONNOYD 

) AsvaauIv vee-2 

) ; 

tNOTLVY3d0 ) 8193FENS739UNDS 3SION ? 
) 

GNVe 3AVL90 ¢/T 3 


(80) 13A37 3YNSS3Yd GNNOS A3IUNSV3H s37evi ? 


on oo nn orn a 5 on nnn wn on no nnn ow oo enw on non no wenn ono oe een eww con cnn cee w enon concen cone ee---) 


a | 


c OTT 20T SOT 2tT ett get Ts3za0 (D 
( > 
i 66 OT 8 ze se 92 soos) 
£ oot zet 68 98 6 48 ss0e >» 
( 2ot 203 16 6 96 06 go0z 
é ae OR Be ee a a eeot oo) 
t os 6 60 .06 ‘tet <s eos : 
‘ S616 6 205 60T OT esz ) 
( 00T 96 S6 68T 2tt oT S2t > 
t * of 6 28 S6 96 £9 > 
( 68 4 4«se@) 4 «6S6—CtC«<‘iOT:SC«‘é~S~*=és@ s*te ) 
( ) 
( (zw) 1 2 
( as» Off Os2 24% G/T Wt Daud ) 
( ) 
( NOILIONOD/NOI1V901 ) 
(Reena wince cn senescence wwe sec sne dns cco cc mecca ca cece coewese ens o5ne cececsscescaccccecossccceccsesscescucess) 
( tf 39ve ¢ ( )  $73A37 3SION O73I14 YvV3N 
ri ( ( ) 43u9 GNNOWD =D 
Fi #2 930 40 ¢ ( ) ASVEDBIV vVEE-1D 
1 ( ( ? 1 
‘ Te Nn ¢ ( tNOTLVY3d0 ) 8193°.8NS7394N0S 3SION >» 
¢ GBT-6T0-T2Z 4as3i (em em emo commer ce www eww ce ecco en cre en cee owe won coe e coee coc we on cece coos co eee ewe coe coe coon one) 
ri z°e yOaNO ¢ } 
( t ONVS 3Av190 @ 
( SMOTAVOISTANZOIC (80) 13A37 3YNSS3¥d ONNOS G3BNSV3N 8378V1 ) 
ee | 


‘ *3IIA3O 3AIT29320Nd YZONN WNUBIADS IdS G2LVWIWI NO OIBSyYB «+ 
SSS FOS OOF SSS O SS OOS COONS S OS BSS OP SSO SO SOS BS OPED SS ODPL S BOSS OF SS SSBS OS SSO SSS SHS OSS SOROS OAS SRO CSSSOSCCeS) 
€ 2 £ t t t 3 
pet £2t 8 Stt att tet Stt i Wd 
(80 NI 3) NOILD3IBBVOD 3NOL 
(BONd NI 2°Wd) 031935809 3N01 £13A31 3SION O3A130N3d 
ZONV AONNY 


66 $6 26 Ss6 96 £6 TISd 
(80 NI VWISd? 13A31 3IN3YV3IBZINI HITAdS AINYIIFId 
NOTAVOINNIMOD 


6% 096 896 996 §=6289 096 i 
998 oe £2 62 t¢ SZ eV ISvO 
LINN NOITAVSINAWNOD ONNOBD EFT-H 
096 6.096) = 896 096 «60960—s 096 i 
29 s9 9 9 69 %9 aVTS¥O 
SSNW AVI VIS-A Sfild SsdfW YF 8823 WIIIdO NYDIUZNY 
096 096 4866896 468 t45 096 i 
62 Zé £2 te £9 92 eV IS¥0 


¢ 

( 

& 

tf 

( 

‘ 

t 

c 

« 

C 

« 

¢ 

4 

( 

d 

c 

( 

C 

( SSN Id UWI BtIS~-ar 
4 096 64996 096 90% s92 289 a 

¢ a2 92 £2 s9 28 18 ev7svo 

( S33NW BVI OOLT WIIG NVIIUAHY 
( 09% 629 696 o2t 62t 904 4 

€ %@ 2¢e e2 06 26 sa eVISvG 

( SIJNW BV WO WNWINIW 
¢ s 6 9¢ et £t is 3 i 

c Ott 240t 66 sot Ss86T ont visvo 

¢ 60t S986t 20T 2tt 4 68tt 698 Ot 3tSv0 

( NOITALJ3108d ON 
( (£2 ATNF *SE-TST BsVP AVG Yad JUNSOdXZ 3NO BOs (S3ANNIN NI 14) SWIL IWISSIWYSd WNWIXYH 

« uv3 iv (v8O NI VISVO) 133A31 ONNOS VIVNIAO G3ZiHST3IN-V 

( BvV3 AV (980 NI 3IS¥VO) W3A37 GNNOS TiVB3A0 O3AHSIZN-3 

( NOI19310Ud/0BYZVH 
4 

( 

( 

c 

c 

| 

‘ 

€ 

( 

q 

‘ 

( 

( 

( 

€ 

6 


YF A] ast G/2 ast) |= G/F vst 
NOTLIGNOD/NOTIV907 


tH a9VaG 6 ( ’ S33A37 3SION O13I3 BY3N 
( « ) M383 GNNOUS 

44 330 40 ¢ ( » ASVUIVIV VEE~L 
« ¢ } 
( 


to wns ( SNOTAVUSdO ) tL9SFBNS/3IBNOS ISIONW D 


GOt-6T8-TZ 1S3L (eee wm mew we com ew wwe co cnn coe enn enc n oo enn ene meee emcee cree cece ee cee w ec ewe coe coon cc cescoe) 


wewwewwwewawwewwewewtwewuwwwdwwwrwwuewwwewwVwvuewwwuawwewwwweuwewewee 


2° vOINO ¢ ¢ : 
( 
QnNOTLVIISIINZOI€ 3YUNSOSX3 3SION NYMNH 40 S3UNSY3N s37G¥2 ? 


ewe ee eews coe nse nce cee enc ew ne cen = cen en ce ee Cees ce Cnc cee ceees cee wees case ceses oe ce sense escen coewecoecoocoescos) 


TABLE 4 


TEST CONDITIONS 
FOR FAR-FIELD NOISE MEASUREMENTS 


T-33A Aircraft Ground Runups, Eglin AFB, FL 
Tail # 63655, 15 July 1971 


Aircraft Engine Operation 
Idle Power 


Runup Power 


25.6 C 
0.758 M Hg 
85 % 


1 M/Sec (2 Kts) 
270 Deg 
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